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The differing predictions of the nativist position of Pollack and the empiricist 
position of Segall e¢ a/., regarding illusion susceptibility were tested on a mixed- 
race, single-environment American sample and a mixed-environment, all-black 
Zambian sample using a hitherto untested instrument, namely a miniature model 
of the Ames Distorted Room illusion. Results indicated no significant effect of 
pigmentation within the American population, and evidence of a direct relation- 
ship between environmental “ carpenteredness ” and illusion-susceptibility in the 
Zambian sample, thus giving qualified support to the empiricist position. Age 
was found to be inversely related to susceptibility in all samples, and females 
overall were found to be significantly more illusion-susceptible than males. 


Stewart (1973) has summarized current research findings on illusion-suscep- 
tibility which support the empiricist or “carpentered world” viewpoint of 
Segall et a/. (1966) on the one hand, and the nativist position of Pollack (¢.g., 
1963) on the other. While differing in several important respects regarding actual 
experimental conditions (see Campbell, 1969; Stewart, 1973), both the nativist 
and empiticist research traditions have relied strongly on two-dimensional 
illusions as research instruments, and in particular on the Miiller-Lyer illusion. 
In further exploring the relative importance of race and environment on illusion- 
susceptibility, it would seem reasonable to explore a variety of two-and three 
dimensional instruments pertinent to the “carpentered world” hypothesis, 
over and above the well-worn Miiller-Lyer illusion. Campbell (1969) has suggest- 
ed one non-illusion instrument — namely, the reproduction from memory of a 
standardized parallelogram — the rationale behind such a task being that “those 
reated in a carpentered visual environment in which most obtuse and acute 
angles in the visual field are generated by right angles on objects come to develop 
an unconscious presumption of a rectangular referent for obtuse and acute 
angles ” (Campbell, 1969, p. 1). Preliminary tests do, in fact, indicate a tendency 
to “rectangularize” or “normalize” the reproduced parallelogram among 
subjects raised in carpentered environments, although this task has yet to be 
utilized in cross-cultural research. 


1 Data for the Evanston study was collected by Robert Armstrong, Linda Kuntner, and Elliott 
Rubin. The Zambian data was collected by the author for a doctoral dissertation in psychology, 
funded by the graduate school, the Programme of African Studies, and the Council on Inter- 
societal Studies of Northwestern University. 
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A second instrument, used by Allport and Pettigrew (1957) in their study 
among urban and rural Zulus is the Ames rotating trapezoidal window, the 
perception of whose illusory oscillation would logically seem to depend on 
continued experience with windows and the acquisition of a normally-valid 
way of interpreting their images on the retina. The Allport and Pettigrew study 
yielded only partial support for the ecological hypothesis : when it was difficult 
to see the oscillation (é.e., under binocular conditions at 10 feet), the inexperienced 
tural subjects did report it with significantly less frequency than their urban 
tribefellows. However, under conditions optimal to the production of the 
illusion (monocular at 20 feet), even the inexperienced subjects reported oscillation. 


It would seem that experience with rectangular windows and with rectangular 
objects in general is not essential to the effect, but does contribute to it. Allport 
and Pettigrew themselves point out that even though the rural subjects came 
from remote ateas, “ schools, churches, and health centers, while few and far 
between, are nevertheless within the possible range of visitation by most native 
inhabitants, even children.” (1957, p. 107). Given these considerations, it is 
clear that the Allport and Pettigrew study has by no means resolved the ecological- 
physiological controversy regarding illusion-susceptibility. 

There ate a number of reasons why a second Ames illusion — namely, a 
modified, miniature distorted room — is seen to be a suitable tool for further 
cross-cultural exploration of the ecological hypothesis. First of all, it is, in fact 
a “carpentered ” room, a distorted one, but one whose retinal projection, to 
most western viewers, is very nearly the same as that of a normal rectangular 
room. One might reasonably expect that the Jess a person’s experience with 
catpentered environments, the less his tendency to be taken in by the illusion. 
Where western viewers may assume that stimulus A is indeed stimulus A in the 
right (nearer) window, they tend to assume that it is something smaller than A 
in the left window, that is, they see it as being a smaller stimulus presented at 
the same distance and in a same-sized, same-shaped window as before. But what 
of viewers who, having not lived in carpentered environments, have not learned 
to make the same assumptions about the inevitable rectangulatity of rooms ? 
Might they not be more likely to see stimulus A in the ft window as being 
the same size as stimulus A in the right window, except that it is further back 
and surrounded by a larger, non-rectangular frame P 


Secondly, the Allport and Pettigrew study is equivocal in that it is not necess- 
atily so that only or even mainly experience with carpentered objects is at the 
toot of the Ames window illusion. Ames himself (1951, p. 29) does not insist 
that “ object connotation” (#¢., experience with windows) is the sole determi- 
nant of the illusion. He himself employed various trapezoidal figures and found 
that even a plane (i¢., non-mullioned) surface of trapezoidal shape produced 
the illusion of oscillation, although to a lesser degree than a window-shape. 
Further, when Allport and Pettigrew used a true rectangular window under the 
same conditions as they used the trapezoidal window, fully a third of their entire 
sample reported oscillation at some point, with the most oscillation reported in 
the first condition (monocular at 20’). They themselves admit to having no 
explanation for this. And Pastore (1952) found that fully half of a large American 
sample reported sway with a rectangular window when exposed to it for more 
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than a few seconds. It is possible that the misperception of movement is based 
ona very different sort of learning and/or innate tendencies from that responsible 
for the misperception of size and shape. For this reason, it is maintained that a 
three-dimensional illusion not dependent on movement would be a simpler test 
of the ecological hypothesis. When viewed monocularly through the aperture 
ptovided, the miniature Ames room appears to most observers to be normal — 
ot at least much mote neatly normal than it in fact is : the windows on the reat 
wall appear to be rectangular, when in fact they are trapezoidal, and the left rear 
cotner appears to be the same distance away as the right rear corner, when in 
fact it is twice as far away. The means of measuring illusion-susceptibility is 
essentially that used in life-size models of the room (Ittelson and Kilpatrick, 1951) 
but using sticks in the windows instead of human faces. A person susceptible 
to the illusion will judge a stimulus in the /eft window (i.e., the larger and further- 
away window) as smaller than it in fact is, and also as smaller than the same 
stimulus appearing in the right window. 


METHOD 
Subjects 


For both the Ametican and Zambian parts of the study, the subjects were those described 
by Stewart (1973). First studied was a sample of 120 American schoolchildren, stratified by 
race, sex, and age (6 thtough 17 yeats), The second part of the study focussed on a totally non- 
white Zambian sample of 432 subjects, stratified by age and sex as in the Ametican study, but 
also by degree of environmental “ carpenteredness ”, such that the rank-order of carpenter- 
edness over the five sub-samples was : 1) Zambezi Valley Tonga (unschooled); 2) Zambezi 
Valley Tonga (schooled); 3) Plateau Tonga; 4) Lusaka Township (mostly Nyanja) and 5) Lusaka 
middle class Zambian (mixed ethnicity). The teader is referred to Stewart (1973) for a detailed 
desctiption of sample selection procedures. 


Apparatus 


The dimensions of the Ames distorted room are given in Figure 1. The room is basically 
a modified vetsion of a commercial classroom demonstration model. 2 There were two sets 
of stimuli, a ptesentation set of 10 “ sticks ” and a comparison set of 21, each stimulus being a 
black, wooden rod, split in half lengthwise. The size, length, and width of the comparison 
stimuli increased logarithmically from stimulus 1 (5/8” long and 3/16” in diameter) to stimulus 
21 (9 1/4” long and 3 1/8” in diameter). These 21 comparison stimuli were mounted xylophone- 
like, each with a number underneath, on a white board which sat flat in front of the box and from 
which respondents could make choices. Each of the 10 presentation stimuli was mounted flat side 
down on a white translucent plexiglass frame 7 1/4” x 7 5/8”, which served as a background 
to the stimulus and could be slid into the vertical slots behind either of the windows. These 
To presentation stimuli were identical to stimuli 6 to 15 inclusive on the comparison-stimulus 
baatd. Comparison stimuli 1 to 5 and 16 to 21 on the xylophone board served as “ buffers ” 
to ensute that younger and less educated respondents, especially, would not confine theit res- 
ponses to the extreme ends of the comparison scale, but would use roughly the relevant interrn- 
ediate range : by providing stimuli at either end of the comparison scale that were clearly 
“ tidiculously too small” or “ ridiculously too large,” it was hoped to eliminate a possible 
tendency to make binary choices of only the largest and smallest stimuli. In fact, even the least 
acculturated, illiterate respondents used the comparison scale in a fashion that corresponded 
well with the presentation stimuli. Comments on this “ accuracy ” factor are dealt with in the 
Results and Discussion sections. 


2 Model PT-11, Research Media Inc., 163 Eileen Way, Syosset, Long Island, New York, 
U.S.A. 11791. 
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Fic. 1. — Top view of the miniature Ames Distorted Room. 
Procedure 


Subjects were first asked to look with one eye through the peephole and to state what they 
saw. If S gave responses such as “ A toom with windows”, “ Two windows (or doors) ”, 
“ A box with squares (rectangles) at the back ”, then E went on to the next step. If S could give 
no response, or gave one which indicated non-comprtehension, E would say “ Look again. 
Can you see two windows at the back of the box ? ”. When S seemed to be able to see the windows, 
he was asked to take his eye away from the peephole and listen carefully to what would happen. 
He then was shown two “ loose ” (i.¢., non-mounted) black rods (comparable to stimuli 1 and 
21) and told that he would see a number of sticks like these and others like those on the board 
in front of him, one at a time, in the windows of the box. He was to look carefully at each stick 
through the peephole, than look down at the board and choose the one he thought was the same 
as the one seen in the box. If S was schooled, he was told he could put a finger on his choice 
and refer to it by the number underneath it. It S was unschooled ot quite young, he was told 
simply to put his finger on his choice, while E or E’s assistant noted the number of the stimulus 
chosen. Two or three examples from various parts of the comparison board wete given : ‘ So 
if you see a stick you think is the same as ¢his one, put your finger on this stick (and say its 
number); if you see one you think is the same as “his one..., etc.” The pretest instructions 
finished with E saying : “ Are you ready to look at the fitst stick ? All right, put your eye up to 
the hole again, and you will see it. ” 

Each of the 10 presentation stimuli appeared twice — once in each window. Thus S made 
20 choices all together. There were two different orderings of these 20 presentations, and each 
of the two orders was so arranged that the average of the first 10 presentation stimuli equalled 
the average of the second 10. Left and right window presentation were also randomized, as 
was the assignment of orders to subjects. As in the Stewart (1973) study, where instructions 
wete given in Chi Tonga or Chi Nyanja via a research assistant, the equivalence of those instruc- 
tions with the English version was ascertained by back-translation techniques, 
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RESULTS 


The raw data from the Ames toom illusions consists of responses to each 
of the 10 presentation stimuli in each of the two windows, i.e., 20 different res- 
ponses altogether. In order to combine these scores into a single score for illusion 
susceptibility, a computer program % was developed which yielded the follow- 
ing : a) the mean of responses to the 10 stimuli shown in the right window; 
b) the mean of responses to the 1o stimuli shown in the left window; c) the differ- 
ence between means a) and b) — this is a measure of illusion-susceptibility in 
terms of the mean number of “ stimulus-steps ” between lefi and right window 
responses. To elaborate : a mean difference score of - 1.00 would mean that, 
on the average, this respondent’s choices for left-window presentations were 
one comparison-board step /ess than his choices for right-window presentations. 
In terms of the ecological hypothesis, one would expect these scores to increase 
negatively as the degree of carpenteredness of the sampled environments incteas- 
ed. d) A correlation coefficient (r) between the numbers of the presented stimuli 
(6 to 15) and the response-numbers selected by the respondent for those stimuli 
from the compatison-board. Separate r’s were computed for left and right- 
window presentations. This coefficient is a measure of the respondent’s ordinal 
accuracy, or of his accurate perception of the relative order of the stimuli, regard- 
less of the illusion factor. For example, if the true size of the five stimuli were 
6, 7, 8, 9 and tro, then a S whose left-window responses were 5, 6, 7, 8 and 9 
would be considered more “ ordinally accurate ” than a S whose responses were 
6, 7, 8, 10 and 9. The first S’s responses reflect a constant error presumed, in this 
experiment, to be the effect of the illusion, but he is “ ordinally accurate” in 
that he perceived the correct relationship among the stimuli. The second S, 
while he may be less illusion-susceptible, is less “ ordinally accurate” in that 
he has not perceived as well the relative order among the stimuli. It would seem 
methodologically important to control for differential “ordinal accuracy ” 
among the subjects tested, since it could validly be claimed that, in some way, 
differential illusion-susceptibility could be an artifact of such response accuracy, 
which one would expect to increase with quality of education and, by extension, 
with degree of environmental carpenteredness. Therefore, a prior decision 
was made to eliminate from all samples those Ss whose combined “ ordinal 
accuracy” (r) coefficients were Jess than + .90. Overall, 17% of Ss were 
eliminated by this criterion, and for a breakdown of this elimination by age and 
sample, the reader is referred to Stewart (1971). As one might expect, more 
younger than older Ss were eliminated in all groups, but with the exception 
of the valley unschooled sample, there is no particular pattern of elimination 
that telates either to degree of schooling or degree of environmental carpenter- 
edness. All analyses described herein are on these purified samples, although 
the results are not substantially different when the entire samples are included 
(Segall e¢ a/., 1966; Stewart, 1971). 


3 This computer program was developed by Elliot Rubin, Department of Psychology, 
Northwestern University, 1969. 
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The Evanston and Zambian results were separately analyzed using a least- 
squares analysis of variance for unequal cell ”’s (MANOVA, 1969). The raw score 
for each S used in these analyses was the “ mean L-R window diffetence score ” 
as described in (c) above. With no exception, this score is negative in value — 
that is, no subjects in any of the samples perceived the stimuli, on the average, 
to be larger in the nearer (right) window than in the farther (Jeft) window. It is 
the relatwe closeness to equality of the mean left and right window judgements 
which distinguishes the samples from one another and which is presumed to 
indicate degree of illusion-susceptibility. 


TABLE 1 


MEAN L- R WINDOW DIFFERENCE SCORES WITH 
ENVIRONMENT HELD CONSTANT AND RACE VARIED 
(EVANSTON DATA) 


Whites Blacks 
(4 = 59) (n = §4) 

Males Mean —~ 1.325 —— 1.222 
8.D. +433 .404 

Females Mean — 1.176 — 1.153 
$.D, 414 412 


Since the MANOVA programme has a limit of 100 cells, it was necessary to 
combine age cells across two-year levels, thus yielding a Zambian design of 
three factors and 60 cells (age = 6 levels, sex = 2 levels, environment = 5 levels) 
and an Evanston design of three factors and 24 cells (age = 6 levels, sex = 2 
levels, race = 2 levels). In both analyses, age trends (linear, quadratic, cubic 
and residual components) were analyzed by the use of orthogonal polynomials, 
and the Zambian data were also analyzed tor similar trends across environment. 
However, the limitations of the environmental trend analysis noted by Stewart 
(1973) with regard to the M-L and S-P illusions are applicable here as well. 
Nonetheless, it was decided to use a set of equal-intervalled polynomials in order 
to test, by the most adequate means available, the hypothesis that illusion-suscep- 


TABLE 2 


SUMMARY OF RELEVANT EFFECTS IN ANALYSIS OF VARIANCE 
ON L-R WINDOW DIFFERENCE SCORES BY AGE, SEX, AND RACE 
(EVANSTON DATA) 


Source | af | F p< 
A (linear) I 6.150 O15 
Race Tr 034 854 
Sex I 2.365 128 
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tibility would increase linearly with the increase in enviconmental catpenteredness. 
If anything, the assumption of equal intervals has resulted in an underestimation 
of the strength of the effect of the environment variable. 


O-———O EVANSTON WHITES 
@— — —@ EVANSTON BLACKS 


a @———@ ZAMBIA ComBINeED) 


MEAN L-R WINDOW DIFFERENCE SCORE 
i 
O° 


6+7 ” 849 10+l1 12413 14415 1O+17 
AGE IN YEARS 


Fic. 2. — Age trends in susceptibility to the Ames Distorted Room Illusion, American and 
Zambian samples. 


For the Evanston data, Table 1 shows the degree of illusion-susceptibility 
in terms of mean L-R window difference scores by race and sex, and Table 2 
summarizes the relevant effects in the analysis of variance of these same data. 
It will be noved that the only significant effect is the age (linear) component, 
whose decreasing effect with age is graphed in Figure 2 for both the white and 
black Evanston sub-samples. No other effects (aside from a higher-order inter- 
action cf age, race, and sex with polynomial residual effects) were statistically 
significant. 

For the Zambian data, Table 3 shows the mean L-R window difference scores 
by environment, and Table 4 summarizes the relevant effects in the analysis of 
variance. It will be noted that the linear component of the environmental trend 
falls short of significance, but that sex and age (both linear and quadratic com- 
ponents) are significant. Figure 2 shows the age effects for the Evanston (black 
and white) and the combined Zambian samples, with both linear and quadratic 
elements clear in the latter. Figure 3 shows the linear trend of the environment 
vatiable in the Zambian data, with illusion-susceptibility increasing as a function 
of environmental carpenteredness, and also the effect of sex, with males clearly 
less illusion-susceptible than females. 
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TABLE 3 


MEAN L-R WINDOW DIFFERENCE SCORES WITH RACE HELD CONSTANT 
AND ENVIRONMENT VARIED (ZAMBIAN DATA) 


Lusaka 
Rank-Order of | Valley Tonga| Valley Tonga) Plateau Lusaka Middle | Evanston 
Car penteredness |(Unschooled)| (Schooled) Tonga | Township Class Blacks* 
(n = 45) (9 = 73) | (# = 128)) (#@ = 58) | (= 57) | @ = 54) 
Mean — .9I10 — .960 — .949 — 1.007 | —1.091 | — 1.138 
S.D. 724 “Sit -488 -459 465 408 
* Included for comparison purposes. 
TABLE 4 
SUMMARY OF RELEVANT EFFECTS IN ANALYSIS OF VARIANCE 
ON L-R WINDOW DIFFERENCE SCORES BY AGE, SEX, AND 
ENVIRONMENT (ZAMBIAN DATA) 
Soutce af F p< 
Environment (Linear) I +785 37 
Sex I 3.579 .0§ 
Age (Linear) I 7-199 .008 
Age (quadratic) I 4.398 .037 
-1.2 
_@ FEMALES 


MEAN L-R WINDOW DIFFERENCE SCORE 


EVANSTON 
BLACKS 


PLATEAU LUSAKA 


MIDOLE CLASS 


VALLEY 
SCHOOLED 


LUSAKA 
TOWNSHIPS 


VALLEY 
UNSCHOOLED 
RANK ORDER OF ENVIRONMENT 


Fic. 3. — The effect of environmental « carpenteredness» on susceptibility to the Ames 
Distorted Room Illusion, American and Zambian black samples. 
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DISCUSSION 


The pertinence of these results for the nativist-empiricist question is less 
clear-cut than was the case in the Stewart (1973) study, which was conducted 
on the same samples using Miiller-Lyer and Sander Parallelogram illusions and 
whose outcome favoured the ecological-empiricist position. In that study, with 
environment held constant and race varied, no significant differences were found 
between blacks and whites in illusion-susceptibility, while a significant relationship 
was found between environment and illusion-susceptibility when race (and 
nationality) were held constant and environmental carpenteredness varied. 
In the present study, the former result has been duplicated, with no race differ- 
ences appearing in the Evanston data, but the linear relationship of environment 
to susceptibility among the Zambian samples, while clearly visible in Figure 3, 
falls short of statistical significance. It might be pointed out, however, that when 
the Evanston blacks are included in the environment analysis, the linear trend 
is, in fact, significant (F = 4.745; p < .03). Such an inclusion of the Evanston 
black subsample, while it destroys the intra-national unity of the environment 
study, makes no difference to the actual nativist requirement that illusion-suscep- 
tibility be tested across environment while holding race constant : although 
one might reasonably question the pure “ blackness” of the Evanston black 
sample, in point of fact the Evanston blacks were selected on the basis of an 
ophtalmoscopic examination according to which only those with deeply-pigment- 
ed retinae were retained. Thus the linear trend as portrayed across six black 
subsamples (five Zambian plus one American) in Figure 3 does, in fact, represent 
a significant linear trend. Beyond this, the environment trend in the Zambian 
data is clearly less complex than was the case with the M-L and S-P data of Stewart 
(1973), where cubic effects wete present in the M-L data and quadratic plus 
cubic effects in the S-P data. 


Age trends in the entire body ot data, as portrayed in Figure 2, continue to 
affirm the decreasing nature of illusion-susceptibility with age. Although this is a 
contradiction to the ecological hypothesis (which maintains that as exposure 
to the environment increases, susceptibility will increase), Segall ef a/. (1966) 
explain such trends in terms of the counteracting force of increasing analytic 
sophistication with age. Pollack’s physiological hypothesis explains the age- 
related decrease in susceptibility by reference to the deepening of retinal pigment- 
ation with age — the same variable which was said to account for his obtained 
race differences in M-L susceptibility (Pollack and Silvar, 1967). It is also clear 
from Figure 2 that the shape ot the age curve for the Zambian groups is rather 
different from that of both the American whites and American blacks, having 
a cleat quadratic as well as linear component. However, both linear and quadratic 
age effects were significant to all groups for both the M-L and S-P illusions 
(Stewart, 1973), and only further research will confirm or disconfirm the univer- 
sality of such trends. 


Perhaps the most puzzling feature of these results is the reversal of the 
direction of the sex difference which was significant both here (taking all data 
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into account) and in the Stewart (1973) study. While in the previous study, 
females proved significantly /ess susceptible to the M-L and S-P illusions, the 
same females (minus only those whose “ ordinal accuracy ” scores were low, 
as descriked above) in this part of the research are significantly more susceptible 
to the Ames Room illusion. This very clear contrast suggests that other factors 
may be operative besides merely environment. The relationship between illusion- 
susceptibility and field dependence has generally been found to be positive 
(Gardner, 1957; McGurk, 1965; Immergluck, 1966; Pressey, 1967; Berry, 1968), 
and given also the generally (but not universally) greater level of field-dependence 
of women over men (Witkin, 1962, 1966; Berry, 1966; MacArthur, 1967), the 
ptesent findings are consistent with much of the literature, but inconsistent with 
the other measures taken from these groups using illusions presumed to be of 
the same class in that susceptibility to all of them (M-L, S-P and Ames Room) 
is maintained by the ecological hypothesis to reflect at least partially the influence 
of degree of environmental carpenteredness. There is no apparent treason to 
expect that the two-dimensionality of the M-L and S-P stimuli (as opposed to 
the three-dimensionality of the Ames Room) is sufficient to account for the 
complete reversal of the sex-differences which would normally be expected from 
the literature relating femaleness to field dependence and field dependence 
to illusion-susceptibility. The field-dependence findings themselves, with regard 
to sex differences, have been solidly substantiated using instruments which are 
both two-dimensional, ¢.g., the Embedded Figures Test, and three-dimensional, 
e.g., the Rod-and Frame Test (Witkin, 1962). 

In conclusion, the present findings would seem to lend further support to the 
hypothessis that susceptibility to certain classes of illusions is at least in part 
dependent on environmental factors. Over and above this, the intriguing puzzle 
of the inconsistent sex differences among the groups studied remains, for the 
present, still unsolved. 
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RESUME 


La sensibilité aux illusions optico-géométriques est-elle un trait héréditaire ou dérive-t-elle 
de facteurs d’environnement ? Ces deux hypothéses — hypothése physiologique de Pollack 
et hypothése écologique de Segall e¢ a/. — ont été examinées 4 aide de l’illusion de la chambre 
déformée (Ames) appliquée 4 un échantillon américain et cing échantillons zambiens. Dans 
le premier cas, on a étudié l’effet des vatiations de pigmentation rétinienne en milieu constant; 
en Zambie, au contraire, la variable raciale étant contrdlée, on a observe l’influence de différentes 
écologies (degré de “ charpentisation ” du milieu). Les résultats ne révélent aucun effet signifi- 
catif da a Ja pigmentation rétinienne dans l’échantillon américain et font apparaitre, en Zambie, 
une relation directe entre le type d’écologie et le degré de sensibilité. L’effet de la variable age 
est aussi confirmé, la suggestibilité diminuant avec lage dans tous les échantillons. Enfin, on 
note un effet de Ia variable sexe, les hommes se montrant moins sensibles 4 illusion que les 
femmes. 
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